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ABSTRACT
The use of computers and the Internet to convey content to
students is popular, but the amount of research relating
the effectiveness of the technology to learning the
information is relatively sparse. Data on exam
performances and attitudes toward the use of technology
were collected from large enrollment, entry-level
Geoscience courses over a span of seven semesters. The
data were examined to determine if the use of computers
as a presentation tool and the incorporation of the Internet
as a means to give students increased exposure to course
content (notes) increased exam scores and knowledge of
Earth Sciences.
Most students (80-86%) found the web-based notes
useful. Average exam scores improved by as much as 23%
when the Internet was used to get information to the stu-
dents in combination with computer-driven lectures, in
class discussions, and applied information reports. Com-
prehensive final exam scores improved by an average of
11%, suggesting better preparation for exams, and more
retention of course information when compared to a rep-
resentative non-enhanced class. In enhanced classes, up to
86% of the students passed, compared to only 57% of stu-
dents in the class taught without the benefit of technology.
Keywords: Computers, Technology, Assessment,
Teaching, Internet
INTRODUCTION
Statement of Problem - Higher education, including
the geosciences, has embraced the use of technology
(Childress, 1996; volume by Butler, 1997; Hall-Wallace,
1999). Computers and the Internet, the primary advance
discussed in this paper, have changed the way many
colleges and departments approach education (e.g., see
Robin and McNeil, 1997; Young, 2001). Students often
express frustration with juggling courses, work
schedules, family, and social activities. Technology can
assist both students and faculty, although data
supporting this assessment is sparse (e.g., Boyle et al.,
1997; Renshaw and Taylor, 2000).
One of the important points about the Geosciences is
the visual component to the science. My contention is
that traditional lecture-style teaching methods that
typically provide students limited access to images of
geological features can benefit from enhancements in
information access facilitated by computers and the
Internet. The methods described combine a traditional
lecture style with the use of computers and the Internet
to deliver key ideas and images of important geological
phenomena. This paper describes the use of computer
technology and the Internet to assist in delivering
content to students enrolled in large enrollment
entry-level Geoscience courses. Data from student exam
scores, collected from 1997 through 2000, are interpreted
and discussed. The research also compares exam scores
from a representative, non-enhanced course to the
classes that used technology.
I currently teach Earth Systems Science, a typical
entry-level Geoscience class with beginning enrollments
of 100, to as many as 300 students per class. The students
are almost all undergraduates, usually either
underclassmen, or upperclassmen who waited to fulfill
their core science requirements for graduation until late
in their academic careers. Most students are
“traditional” in terms of their ages, although in at least
one evening class the number of non-traditional
students (older students who have been in the
workforce, or out of the academic realm for more than 5
years) is notable. Grades are assigned based on the
percentage (90%, 80%, 70%, 60%) of points a student
acquires over the course of the term.
The traditional teaching elements of the class are the
“lecture” component and a research report. The class has
no lab associated with it, and the large class sizes inhibit
assigning extensive homework problems. I do present
the opportunity for a few web-based exercises that
enhance topics like earthquakes, volcanoes, and rivers.
Those exercises are counted as extra-credit
opportunities, which may account for up to 5% of the
total points.
My lectures describe and discuss relevant Earth
Science information via images and text slides presented
using a computer screen projection. I use presentation
software that facilitates the use of labeled digitized
photographs and illustrations, animation, and digital
video in the lectures. Importantly, the media presented
in class on computer is transferred easily to the Internet,
where students can get additional access to the slides at
their leisure. Students can then listen to the instructor in
class, and take notes on examples and analogies that
they sometimes miss because they are too busy writing
down information presented on slides or overheads.
The “Real World” report assignment involves
students following a set of guidelines for a brief written
discussion of some aspect they observed that is relevant
to the course content. The report must include
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photographs of relevant features and demonstrate good
writing skills.
Computer and Internet enhancement of the course is
similar to that described by other researchers (e.g., Gore,
1996; 1997; Butler, 1997; Mantei, 2000) and includes:
1) Use of computer-driven presentations in which
photographs and drawings could be clearly labeled,
and key concepts and definitions written down for
the students;
2) Incorporation of digital photographic media, video,
and animation into the lectures to illustrate how
various geological phenomena change over time;
3) Use of the Internet to give students more
opportunities to access the syllabus, instructions,
course content, and e-mail communication; and
4) Use of the Internet to provide access to a wider range
of experiences, thereby increasing the opportunity
to practice recognizing geological features and
concepts presented during the lectures.
The rationale behind the methods employed, and
exam performance data is discussed to assess the
effectiveness of the enhanced teaching methods as
compared to non-technological means of information
acquisition. Qualitative observations and comments on
student attendance, student opinions of the text and
computer-assisted teaching style, and student
performance prior to 1997 are described.
Rationale - I initially acquired previous lecture-based
teaching experience while a graduate student at the
Southern Illinois University at Carbondale (SIUC), and
at nearby John A. Logan Community College (JALC) in
Carterville, Illinois. While at SIUC, I taught entry-level
Geoscience lab courses and lectured as a substitute for
various professors. At JALC, I taught several
lecture-based physical geology courses at that time as
well. I did not track student progress at that time, but I
did notice too many students were not doing well in the
class (no data, but my recollection was between 30-35%
F/D-rates). I was concerned, but I assumed that I would
become a more proficient instructor with time, and that
student performance would improve as I gained more
teaching experience. I taught using a lecture-based style
for four semesters over three years at three different
institutions (JAL, SIUC, and University of
Nebraska-Lincoln UNL). Student evaluations were
good (e.g., “Jim is an enthusiastic teacher who makes
science interesting for people who aren’t scientists by
showing how it relates to everyday life”), but I was still
dismayed at the poor performances of my students. I
began tracking student exam scores while at UNL in
1997, knowing that I would be changing my method of
information transfer, I just wasn’t sure how. I began
employing technological enhancements in the Fall of
1997, after the Spring 1997 term yielded the highest
percentage of F and D grades that I could remember.
The addition of computer-driven presentations and
classroom web pages to an otherwise standard lecture
format came about as a potential solution to the
aforementioned poor student performance, an
unwillingness to “dumb-down” the content, and a
number of perennial student complaints that recurred
on student evaluations and in discussions with students,
prior to implementing technology. Some of the student
issues included:
1) How am I supposed to keep track of the images
shown in class (for exam purposes) when they are
only on the screen for a short time?
2) How do I listen to the instructor, and write down the
information on the slides, and keep track of images
at the same time? and
3) How does this “Geoscience stuff” relate to me when
my major is ___________ (fill in blank with any
major!)?
The simple answer to the first question is to use only
images from the textbook. To do so is too limiting from
the perspective of both educators and students. Many
Geoscience educators have dozens of slides and pictures
taken with the intent of using them as teaching tools. The
instructor may possess many appropriate slides to
supplement information presented only verbally in the
text. The Internet contains thousands of such images.
Written comments from student course evaluations
suggest photographs from private collections are
perceived as both beneficial and problematic. Students
like looking at places that they have never seen, but they
dislike that images presented in class for only a few
minutes may appear on an exam. Nearly all student
responses on course evaluations, suggest access to
course slides outside of the lectures is beneficial.
From the student’s perspective, classes may become
tedious when the images shown in lectures are
exclusively those they have already viewed in a
textbook. The images from the students’ textbook are
important, and are usually adequate, especially those
with illustrations that show the geological items clearly
labeled alongside an actual photograph of the feature.
However, students often do not recognize similar
geological features from other photographs, or more
importantly, when they travel the world. Arguably, the
best way to facilitate students learning the concepts and
being able to apply what they have learned is to let them
see a wide variety of images illustrating the pertinent
geological feature, and let them see them as often as
necessary until they can recognize the features.
The second question relates primarily to note-taking
skills, and the tremendous amount of information that
students must learn in many entry-level Geoscience
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courses (or any of the physical sciences). Very often, a
standard geology lecture will have:
1) A written component with notes, an outline, or key
terms and ideas presented on a chalkboard,
overhead projector, or handout;
2) Images shown via a slide projector, either from the
professor’s personal collection, or provided by the
textbook company; and
3) Information conveyed by the instructor that is not
repeated in the text, such as analogies, examples, or
case studies.
Even the best students have trouble “multi-tasking”
to record all of the information, and too often the
students try to write down everything that is written
down, while completely ignoring the images and/or the
verbal examples given by the instructor. Later, these
students may not perform well on the exam, and may
argue that the information was never presented to them!
The use of computer-driven presentations facilitates
organization of images and text, and the Internet allows
instructors to put the lectures onto a class web page.
Visuals posted to the web page enable students to use
their often neglected listening skills in class by focusing
their note taking on those items that are not written
down on a slide or overhead projector. Students can then
get access to images and information written on slides
after class, where they can examine the images, augment
their in-class notes, consult their textbook, and
formulate questions about topics covered. Most
importantly, students can get access to the information
at times that are convenient to them, allowing them to
work around employment schedules, athletics, or other
extra-curricular activities. From the instructors’
perspective, this method is advantageous as well
(Mantei, 2000). Posting computer-driven lectures to a
web page requires much less time than re-showing
slides in other class periods or during help-sessions, and
it allows for many different images of similar features to
be shown. This method of re-showing builds on the
adage “repetition, repetition, and more repetition”,
without the inevitable time demands on teachers and
students (Mantei, 2000).
The use of multimedia, animation, movies, and
traditional photographs and diagrams can enhance
ideas, or illustrate complicated concepts. For example,
movie clips demonstrating the development of
cross-beds in sediments as the result of sand bars
moving along a river bed drives home the point that bar
forms move, cannibalize part of their own form, and
leave behind part of the bar form as the next form comes
upon a given location. The same video can also show
that perspective affects the way cross-beds appear to
observers.
Many instructors in the sciences have had to
contend with the last question, the applicability of
information. Citing examples from the instructors
experiences during a discussion or lecture is a valuable
tool in dealing with this question. To help students see
the relevance of Earth Science in their lives and provide
them with an opportunity to apply their newly acquired
knowledge, they are required to write a “Real World”
report. For the report, students must apply information
from the course to a situation that they observe and
photograph as they travel about the campus, city,
region, or world. Technology can assist the students and
instructor with the report (e.g., Harris and McCartney,
1999), although other techniques such as handouts or
library reserve materials may also be used.
Underclassmen non-science majors often have limited
experience writing a research paper (technical or
otherwise), and are commonly unsure of what
information should be addressed in their report and
how to proceed. Instructions for properly referencing
reports, for what types of references are appropriate, for
illustrating what content is appropriate for the topic of
the paper, and the preferred format for the paper are
listed on an example of a “Real World” report accessed
via the class web page. Report topics are not tightly
constrained, and students are encouraged to choose a
topic that is of interest to them. Once the students turn in
their reports with pictures they have taken, I scan some
of the relevant photographs to supplement my teaching
collection before returning the papers to the students.
RESULTS
Data presented herein were acquired while instructing
students as a Ph.D. candidate at the University of
Nebraska-Lincoln (UNL), and while teaching at the
University of Southern Indiana (USI) as an Assistant
Professor of Geology. No quantitative data are available
from prior lecture-based teaching experiences at
Southern Illinois at Carbondale or at John A Logan
Community College. For display purposes, data in the
graphs is always arranged from older to younger, with
UNL data listed first, and USI data are listed second.
Quantitative data presented herein were analyzed
using descriptive statistics, primarily arithmetic means
(averages) and skewness. Numeric tabulation of student
scores and grades earned are presented in graphical
form. The 1997 data (both Spring and Fall) are scores
from UNL, whereas the remaining data are from USI.
The class population sizes shown in the figures (n) vary
from 89 in Fall 1998b, to a maximum of 276 in the Spring
2000 term.
Qualitative observations compiled from written
student evaluations are placed into broad categories
(Table 1), presented as numbers of students who
responded and as percentages of the total respondents.
Course evaluation information for the entire period of
data acquisition are not available or are not applicable
because the questions posed did not ask about the use of
text or technology. In the courses listed (Table 1),
students were asked to “…discuss the use of the class
web page as it relates to the course. In addition, tell me
what you thought of the text as it relates to the course.”
Some students used a numeric rating scale, whereas
others simply said the aspects in question were useful or
not helpful. Where applicable, student comments are
included.
The information in Table 1 indicates that students
like the use of the web page to get access to the
information. Typical comments from evaluations read,
“The web page is wonderful.” In fact, 69% to 85% of
students perceived the web page as useful as, or better
than the textbook. Access to these class “notes” via the
web page was helpful to 80 to 86% of students. A
number of student evaluations each term claim, “ I never
even opened the text. I only used the class web page.”
The comments from evaluations are anonymous, so I
cannot correlate exam performance with attitudes about
the text or web page. However, the information
contained in the evaluations does provide some insight
into student attitudes needed for the interpretation of
other data.
Figure 1 shows average exam scores for each of four
tests given to my classes for the seven times the course
has been offered. There is a noticeable jump in average
exam scores between Spring 1997 and Fall 1997,
especially for the comprehensive final exam. The first
exam scores for each class with technology is higher than
the representative non-technologic classes, with the
exception of the Fall 1998b class.
The graph clearly shows that exam scores in the
courses with computer and Internet enhancements are
higher by as much as 23% compared to those without the
benefit of technology (e.g., Spring ‘97, Exam 2 compared
to Fall ‘97, Exam 2). Figure 1 also illustrates some
interesting trends between classes taught in the same
semester. The Fall 1998a class was a day section that met
three times a week. It was composed primarily of
traditional students, with a very small component of
non-traditional students (~5%, or 7 of 151 students were
non-traditional students). The Fall 1998b class was an
evening section that met once a week, and had a
relatively high percentage of non-traditional students
(~25%, or 22 of 89 students were non-traditional
students). The difference in the average score of the first
exams between the classes is interesting. The evening
section (1998b) improved their class average by 11%
between the first and second exams. The day section
(1998a) only improved their average by 1%. The low first
exam score observed in the 1998b class (statistically the
same average as the non-technology class) may be
attributable to a number of possible factors that cannot
be isolated given the data. Some of the possible factors
include: 1) The class met only once a week in the
evening; 2) The class had a higher percentage of
non-traditional students in the class; 3) The class was
smaller; and, 4) Students may have been surprised by
the content of the test. Many office-hour and in-class
discussions with the students that year related to the
pace of the lectures (too fast for the students to write
down all the information on the slides). Explanations as
to how to adjust to this new means of note taking, and
how to get access to the information on the slides outside
of class resulted in students performing better on the
other tests. Similar discussions about the nature and
amount of information on the tests also occurred that
term.
The final exam scores (Figure 1) show an average
improvement of 10% with a range of increase from 5% to
16% for sections that used technology compared to the
representative class that did not use technology. The
average score for the final is consistently higher than
scores in the non-technologically enhanced class.
Figure 2 shows the average exam score for each
class. This tally includes data from all students who
completed all four exams in a particular term, and were
calculated from exams that had not been curved. The
average scores shown are the sum of all the exam scores
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Web Page Useful Web Page Not Useful Population Size Percent Year
61 14 75 83% F’98
85 21 106 80% Sp ‘99
79 13 92 86% Sp’00
Web is Better Text is Better Web and Text Equal Year
34 (45%) 15 (20%) 26 (35%) F ‘98
56 (53%) 19 (18%) 31 (29%) Sp ‘99
43 (47%) 29 (31%) 20 (22%) SP ‘00
Table 1. Data on the opinions of students on the use of the web and textbook as class resources acquired from
written evaluations.
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for a given semester, divided by the total number of
students who took the exams in the term. An increase in
the average score occurs between Spring 1997 and Fall
1997 semester.
I interpret the increase in exam scores shown in
Figures 1 and 2 as evidence that students are learning
and retaining information long enough so that they can
answer questions correctly on the exams, thanks in part
to the use of technology. However, other reasons for the
trend observed in the data are possible, but are not
supported or verifiable with the available data.
The change in average scores between Spring 1997
and Fall 1997 might be related to the quality of students
taking the course, the experience of the instructor, or
other factors such as the availability of exams.
My teaching experience could have played some
role in the increase in exam scores between Spring 1997
and Fall 1997, although it is impossible to quantify to
what degree it affected the data. I can say that no
conscious effort was made on my part to diminish my
enthusiasm for teaching entry-level students, nor did I
make major adjustments in course content or the amount
and application of geological information. My lecture
style changed fundamentally between Spring 1997 and
Fall 1997 in that I switched from a combination of
lectures, slides, and overhead projections, to one that
used technology. The amount of information presented
remained unchanged, but was presented in a much
more ordered and organized fashion via the technologic
enhancements and verbal communication. In addition,
the topics covered remained the same from year to year.
Once the change was made, familiarity with the
technology became a possible factor affecting the data.
When I came to USI in 1998, only a few faculty members
used computers and the Internet to present information.
According to written student evaluations, students in
the enhanced courses were somewhat unfamiliar with
the recommended style of acquiring course content, and
it took some time for them to adjust. This may account
for the slight increase in exam score averages between
exam 1 and exam 2 for Fall 1998 through Spring 2000
(Figure 1), although statistically there is no difference
between exam 1 and exam 2 for any class except for the
Fall 1998b class. Students’ familiarity with technological
enhancements from one semester to the next is another
idea that required investigation, as more courses at USI
use computers and the Internet in them. USI has recently
implemented use of server software (Spring 2001) to
assist the large number of faculty (and students) on
campus who use technology to increase access to course
Figure 1. Average exam score for each of four exams given per semester. Data includes only those students
who completed the course. Sample populations per term is given as n = 126, etc.
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Figure 2. Average exam score per semester. UNL = University of Nebraska-Lincoln, and USI = University of
Southern Indiana. Sample population “n” includes all students who completed all exams that term.
Figure 3. Bar graph showing the percentage of students earning a given letter grade. The sample population
“n” is the total number of students who completed the course. The various patterns represent different
semesters. Note the average values for the technology enhanced courses as compared to the representative
unenhanced course and the skew (either right or left) for the various courses and the averages.
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content and faculty/student communication. As the use
of a technologically enhanced classroom has become
more popular on campus, presumably students would
become increasingly familiar with it. The observed trend
in Figure 2 shows no statistical difference in average
exam score (for enhanced courses) from one semester to
the next, suggesting the students are familiar with using
technology when they get to class, or they are listening
to the suggestions on how to use the technological
enhancements in the course.
Exams are returned to students each term (with the
exception of the final exam), and students are almost
certainly using old tests to study for their exams. The
influence access to old exams has on the data is
minimized somewhat because I write new exams each
time I teach the class, and topics covered for each exam
vary slightly with each class.
Figure 3 shows the percentage of letter grades
earned by students for each semester. The letter grades
are assigned based on a percentage points accumulated
throughout the semester, and the population sizes
include only those students who actually completed the
course. However, the calculation of grades did include
students who may have only taken three of the four
exams, provided they took the final exam. Students who
did not complete the final exam, or who did not take at
two exams and the final were not included in the
analyzed data. The number of students excluded ranged
from six to as many as 15. Obviously, inclusion of
students who did not complete the course would raise
the number of lower end students, skewing the data
toward the failing end of the grading scale.
Figure 3 illustrates the overall benefits of the
technologically enhanced teaching methods. In all cases
except for one (Fall ‘00), the distribution of grades in
technologically enhanced classes exhibits a left shift (a
statistically negative skew of between –2.97 and -1.96),
when compared to the grade distribution from the
traditionally taught class that exhibits a right shift (a
positive skew of 1.77). The skew indicates that a larger
number of students are above the mean letter grade than
are below it.
Figure 4 shows the percentage of students passing
the class with a C or better, as compared to those
students who did not earn a passing grade (D or F). An
important benefit illustrated by Figure 4 deals with
those students who would typically fail or get poor
grades. Whereas it is impossible to differentiate between
students who try to learn and those who do not, the
graph (Fig. 4) shows that the number of students who
did fail decreases, suggesting the use of technology
Figure 4. Percentage of students passing (C or better) vs. Failing (D or F) per semester. See text for discussion
of data.
assisted students in achieving a passing grade, and
presumably learning the material.
Both figures (3 and 4) suggest the students are
benefiting from technology, at least long enough to
perform well in the class.
DISCUSSION
Interpretations of data concerning the effectiveness of
exams as a measure of knowledge are problematic, in
part because standard testing formats do not measure
how well students can apply the methods and
information to a given situation, but rather how well
students can decipher their instructors exams and/or
can memorize specific facts (Veronesi, 2000). However,
some researchers say that exams can be effective
assessment and learning tools if they ask the appropriate
questions and allow students to learn from their
mistakes without the harsh penalties usually associated
with failure (e.g., Josephsen, 2000). My opinion is exams
can be an effective as a measure of some of what the
students have learned, for several reasons. First, I try to
make my exams more than an exercise in memorization.
Students have to understand not only basic definitions,
but how and when to apply those definitions in both
verbal exercises and image recognition. Second, I ask
short essay questions which can have many correct
responses such that the students can use their
knowledge of the topics and logic to figure out how to
arrive a correct response. Third, I tend to ask questions
that force students to link aspects of the course content
together. Lastly, I give exams back to the students so that
they may review and learn what questions they missed.
Each semester new exams are written, and students can
practice on old exams, before their actual test.
Additionally, answers to exam questions are posted a
few days after the exams have been returned, so that
students can see where they made mistakes in
preparation for the comprehensive final exam.
CONCLUSIONS
Data collected from students enrolled in a large
enrollment entry-level Geoscience course included
written evaluations and exams. The data suggest several
statements can be made concerning the use of
technology in the classroom. First, students found the
class web page and computers convenient. The use of a
class web page to post notes, syllabi, instructions, and
examples, and the use of computer-driven slide shows
has proven a useful tool to me and to my students.
Second, students perform better in the class with
technological enhancements. Average exam scores
increased and comprehensive final exam scores
improved with the introduction of technological
enhancements. Lastly, fewer students failed the class,
and more students scored higher than the average exam
score (negative skew). The last two items are interpreted
as the results of students benefiting from technological
enhancements to standard lecture class.
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